gene for caspase-1-induced pyroptosis, Shi and colleagues found that pyroptosis is abolished in Gsdmd-deficient macrophages (a type of immune cell) exposed to activators of canonical inflammasomes for short times. Kayagaki et al. present similar results; but after prolonged incubation, which may better reflect physiological processes, they no longer detected differences between the pyroptotic responses of wild-type and Gsdmd-deficient macrophages. For now, the jury is still out on whether gasdermin D is an essential mediator of caspase-1-induced pyroptosis; if it is not, then other pyroptosis-inducing caspase-1 substrates must await discovery.
Another enigma in the inflammasome field is the release of mature IL-1β after it has been cleaved by caspase-1. IL-1β lacks the aminoacid sequence that would direct it to the Golgi apparatus 6 , a cellular substructure that mediates protein secretion, so it is thought to be released by an unconventional secretion mechanism. Shi et al. show that, in Gsdmddeficient macro phages, caspase-1 activity and IL-1β processing were not affected after canonical inflammasome activation, but secretion of the mature cytokine was completely abrogated. These results strongly support the hypothesis that IL-1β is released following pyroptotic lysis of the cell.
How do inflammatory caspases activate gasdermin D to induce pyroptosis? Consistent with the previous identification of the protein as a caspase-1 substrate 7 , both groups noted that gasdermin D is cleaved by caspase-1 or caspase-11 at the aspartate 276 amino-acid residue following canonical or non-canonical inflammasome activation, and that mutation of this cleavage site completely abolished pyroptosis. The N-terminal domain that was left after cleavage was sufficient to induce cell death showing morphological features of pyroptosis, and the carboxy-terminal domain was found to bind the N-terminal domain if the former was overexpressed, blocking cell death. These results are consistent with the hypothesis that caspase-dependent cleavage releases the N-terminal domain of gasdermin D from an inhibitory interaction with its C-terminal domain, thereby unleashing its cell-killing properties.
Finally, the studies highlight the role of other gasdermin family members in pyroptosis. In mice, gain-of-function mutations in Gsdma3 cause skin thickening and hair loss that is associated with chronic skin inflammation 8 . Shi et al. show that these mutations abrogate the interaction between the C-and N-terminal domains of gasdermin A3, and that the N-terminal domain of this protein also induces pyroptosis. Because only gasdermin D, and no other gasdermins, features a caspase cleavage site, further research is necessary to understand the context and mechanism of this seemingly similar activation process.
The identification of gasdermin D as a key mediator of pyroptosis is a conceptual advance in our understanding of how inflammatory caspases cause cell death. The studies present compelling evidence that caspaseinduced cleavage of a single substrate, and not a spectrum of different substrates, is sufficient to induce pyroptosis and all the associated morphological features -similar to the action reported for two substrates of apoptotic caspases, ATP11C (ref. 9 ) and ROCK1 (refs 10, 11) . Precisely how the gasdermin D N-terminal domain exerts its cytotoxic function should be addressed in future studies. Does it simply relay the signal to yet-unknown pyro ptosis inducers, or might the fragment itself be an executioner of cell death, like the pseudo kinase protein MLKL, for example, which drives necro ptotic cell death by forming pores in the cell membrane 12 ? Elucidating the mechanism of gasdermin D's cytotoxic activity is likely to bring further exciting discoveries, and could pave the way for therapeutic approaches for inflammasome-associated inflammatory and metabolic disorders. ■ This article was published online on 16 September 2015.
PHOTONICS

Random sudoku light
A clever approach has been used to imprint a phase pattern on a laser beam. The pattern is not only random at each point, but also depends on information stored elsewhere in the pattern.
TO N I E I C H E L K R A U T & A L E X A N D E R SZ A M E I T
I magine that you are stuck in traffic. What determines your options? Only the car directly in front of you: if it travels slowly, you drive slowly; if it stops, so must you. However, your decisions are independent of all other drivers' decisions. This observation has profound physical consequences, because it leads to the distinction between two classes of random physical system, known as Markovian and non-Markovian after the mathematician Andrey Markov 1 . Traffic jams are Markovian systems, and, so far, this has also been the case for light that has a random spatial distribution in intensity or phase. Writing in Physical Review Letters, Fischer et al. 2 report the first experimental demonstration of non-Markovian light.
The behaviour of each member of a Markovian system is determined only by its nearest neighbours. By contrast, each member of a non-Markovian system depends on the behaviour of a larger region, or even of the entire system. Light fields that have random spatial distributions of phase have so far been generated exclusively as the Markovian type, using processes such as scattering in diffusive optical media 3 . Fischer and colleagues use a clever phase-imprinting approach to form a light field that has a fully random phase at each spatial point and a local random nature that is determined not only by the nearestneighbouring points, but also by regions that are farther away.
Markov originally formulated his groundbreaking theory with dynamically evolving, random systems in mind. He formalized the treatment of an important feature of such systems: how a system's 'memory' of its previous states affects its future states. Markov realized that, in a system that has no memory, future events can be predicted solely on the basis of the system's present state: the defining property of a Markovian process is that the past and the future are mutually independent. Examples include the motion of dust floating in the air, a sequence of simple coin tosses or the PageRank algorithm that Google uses to search the Internet. The defining property of a Markovian process can be generalized for systems that have random spatial distributions, the traffic jam being one of the simplest examples.
As an example of a random non-Markovian
The authors imprinted on the laser beam a phase pattern that corresponds to numerical solutions to overlapping sudokus.
The phase imprint of light generated in this way is non-Markovian because the information contained in a given SLM cell depends not only on the contents of the nearest cells, but also on those of all other cells of the corresponding sudoku frame. A remarkable aspect of the authors' implementation of this process is that they used a tuning para meter to control the number of cells by which the sudoku frames can be shifted. Using this parameter, the authors investigated the transition between periodic and non-Markovian light, by tuning the imprinted phase pattern from one that corresponds to strictly periodic (largely overlapping) sudokus to random sequences of independent puzzles.
Fischer and co-workers have shown that light that has a non-Markovian spatial distribution can be generated in a highly flexible manner using a simple and fast set-up. These fascinating results pave the way to generating new types of 'patterned' light beam, in which properties such as intensity or polarization are used to store information. The authors' technique might help scientists to achieve a deeper understanding of non-Markovian processes. Moreover, the 'sudoku approach' could serve as a general strategy for building optical or other systems that have the singularly defining non-Markovian property, spatial memory. ■ 
Toni Eichelkraut and
Pigments on the move
In plant cells, the pigment anthocyanin is transported to a membrane-bounded organelle called the vacuole for storage. A previously unidentified transport pathway involving vacuolar-membrane extensions mediates this process. 6 describe a previously unknown pathway of intracellular transport in which extensions of the membrane that surrounds the vacuole engulf and internalize anthocyanins.
Several models for anthocyanin transport have previously been proposed. One model 3 states that anthocyanins are carried directly across the vacuolar membrane by transport proteins, with the help of glutathione S-transferase enzymes. A second 4 proposes that anthocyanins first translocate into the interior of the endoplasmic reticulum, a small part of which then pinches off to form membranebounded vesicles that transport the pigment 2 used overlapping sudoku puzzles to imprint a spatially non-Markovian phase pattern on laser light using a device known as a spatial light modulator (SLM). The authors filled the cells in the upper left square of the SLM with phase information corresponding to the numbers of a correctly solved 9 × 9 sudoku (blue). They then shifted the puzzle frame down (or to the right) by six lattice cells, and filled it with a phase pattern corresponding to a sudoku solution for the new position, which incorporates the numbers from the bottom three rows (or rightmost three columns) of the first solution; new solutions are shown in pink. In this process, the number found in each sudoku cell depends not only on those in the nearest cells, but also on those in all other cells of the corresponding sudoku -that is, the pattern is non-Markovian. This is in contrast to the Markovian pattern of a fully random distribution of numbers (not shown). 8 9 6 4 5 7 3 1 2 9 6 8 4 3 2 7 1 9 8 6 1 4 7 3 2 5 7 8 6 4 9 1 6 7 3 5 8 4 5 3 9 6 2 1 7 8 5 9 4 2 3 6 5 8 1 4 7 2 1 7 5 8 3 6 9 4 1 2 3 8 5 7 2 9 4 1 6 3 6 1 7 9 5 4 8 2 6 3 1 9 7 5 1 2 8 6 3 8 9 2 3 1 4 7 5 6 8 4 9 3 1 2 4 6 5 8 9 7 4 5 8 2 6 9 3 1 2 5 7 6 8 4 7 3 9 2 1 1 3 4 2 7 8 5 6 9 4 7 8 1 2 3 8 4 7 9 5 6 7 8 4 5 9 2 1 3 9 6 5 7 4 8 9 5 6 3 2 5 2 9 6 3 1 8 4 7 3 1 2 5 6 9 3 1 2 7 4 process, think of an urn that contains two red balls and one blue ball. On three consecutive days, one ball is drawn and not replaced. If yesterday a red ball was drawn and today a blue ball is drawn, then it is clear that tomorrow a red ball will be drawn. We know this for certain because we have taken into account the events that have affected the urn's state today and yesterday; that is, tomorrow's draw depends not only on today's draw, but also on past draws.
To generate light that has a non-Markovian spatial distribution, Fischer et al. modified the transverse phase pattern of a laser beam using a device known as a spatial light modulator (SLM; an array of liquid-crystal cells akin to a computer screen). The authors then imprinted on the laser beam a particular phase pattern that corresponds to numerical solutions to overlapping sudoku puzzles; these were chosen because they are non-Markovian systems (Fig. 1) .
Fischer and colleagues started this process by filling the upper left square of the SLM array with phase information corresponding to the numbers of a correctly solved 9 × 9 sudoku. They then shifted the boundaries of the sudoku frame by a certain number of cells, either vertically or horizontally, and solved a new puzzle at the new grid position, adjusting the SLM's phase accordingly. This procedure was repeated until the entire SLM array was filled with phase information that had a random, but non-Markovian, distribution.
